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I. INTRODUCTION

Many factors affect the rise rate, growth, and ultimate geometry
of exhaust clouds produced by the static firing of space boosters. The
mass, heat, and momentum inputs into the cloud along with the prevailing
meteorological conditions significantly affect the cloud formation and
dissipation process. An analytical approach to the cloud growth pheno-
mena must consider the coupled effects of conservation of mass, momentum,
and energy, in addition to the equation of state and appropriate initial
and boundary conditions.

Mass inputs into the exhaust cloud include the combustion products,
entrainment of mass from the surrounding environment and water vapor
introduced into the cloud from evaporation of cooling water in the ex-
haust deflector. During static firing of the S-IC at NASA's Mississippi
Test Facility water 1s sprayed into the exhaust deflector at the rate
of approximately 1.099 x 106 liters per minute. The heat output rate
of the S-IC (1.34 x 1010 calories per second) 1is adequate to completely
évaporate this flow rate of water. The water spray and exhaust flame
are well mixed in the exhaust deflector leading one to believe that a
significant fraction of cooling water may be evaporated into the exhaust
cloud during the static firing.

Many empirical relationships used to calculate cloud or plume growth

include the heat rate (QH) of the source. Qy for the S-IC exhaust cloud




“may vary significantly depending on whether one chooses to include or

neglect that fraction of the heat output used to evaporated the cooling
water.

The evaporation of cooling water will not only affect the heat in-
put to the cloud but the mass input as well. Complete evaporation of the
cooling water would provide a mass input to the cloud exceeding the mass
input of the combustion products.

The effect of cooling water evaporation on the heat and mass input
to the cloud make it mandatory that the water evaporation rate be deter-

mined before proceeding with cloud geometry calculations.

II. DETERMINATION OF WATER EVAPORATION RATE

A drawing of the S-IC static test area is shown to scale in Figure 1.
The 5-IC test stand (Building 4220), is a massive steel and concrete
structure designed to restrain the S-IC stage (first booster stage) of
the Saturn V vehicle during static test firings. The stand has two
test positions, Bl and BZ. While this permits mounting and readying two
boosters, only one would be fueled and fired at a time.

During the static firings 1.099 x 106 liters of water per minute
are required to cool and wash the flame deflector. An alternate capacity
of 4.43 x 10° liters per minute of deluge water is provided on the stand
itself for fire protection, cooling and washdown. A flume from each test
position directs cooling water to a discharge basin for collection and
later burning of residual fuel.

The High Pressure Industrial Water, Emergency Power Generating and

Heating Complex (building 4400), as its name 1indicates, serves a threefold



purpose implemented by the following facilities: (1) a pumping plant with
a maximum capacity of 1.263 x 108 1iters per minute to supply industrial
water for deluge and fire fighting to the test stands, barge docks, and
other hazardous areas; (2) a 7,500 KVA power generating plant and switch-
gear to supply standby power for the test complex; (3) a 1.137 x 1@16
calories/hr. water heating plant to supply circulating hot water for
building and fuel tank heating and for operating absorption refrigerating
units. These facilities are located in one main building; a small second
floor area contains offices and the control room for the complex.

The high pressure water provided to the test stand is drawn from the
circular reservoir (4335) which is approximately 244 meters in diameter.
The water flows through a 2.44 meter inside diameter pipe to the test stand.
Water from three deep wells (4320, 4321, 4322) is used to replenish the

4 liters per minute and 300° K. The

reservoir at approximately 5.30 x 10
discharge basin (north-east of test stand) provides a holding area for
any cooling water which is not evaporated as well as catching and retain-
ing spillage of RP-1 fuel.

One may easily determine the quantities of water evaporated 1f the
quantity of water supplied to the test stand and the run-off to the dis-
charge basin are known. The water evaporated is simply the difference of
these two quantities.

The quantity of water provided to the test stand during the S-IC-11R
static firing was determined by two methods. The first method consisted
of using a float type level indicator in the circular reservoir where the

float position was indicated by the voltage drop across a precision potentio-

meter. From the known geometry of the circular reservoir, the water drawn




out between successive levels could be calculated. The second method of
determining the water pumped to the test stand used the pump discharge
curves provided by the pump manufacturers. Using the pump speed and dis-
charge pressure one may enter the pump curve énd.determine the water dis-
charge rate per pump. This rate is multiplied by the number of pumps
operating to yield the total flow rate provided to the test stand. A
comparison of the flow calculated by both methods for the S-IC-1IR static
firing (and for the previous test) indicates a good agreement between the
two methods. Flow rates used in the following calculations are based on
the pump discharge data.

The first attempt to measure the water run-off from the S-IC test
stand employed a stage of water level recorder (Stevens Type-F) mounted
in the discharge basin. The stage recorder was modified to change the
8-day time interval to a 3-hour interval. The stage recorder was instal-
led in the S-IC discharge basin approximately‘76.2 meters north and 122
meters east of the exhaust deflector (Figure 1).

The stage recorder was activated through use of a remote release
cable which was actuated by the LOX barge personnel when they cleared the
S-IC test complex. Actuation of the stage recorder occurred at approxi-
mately T, - 60 minutes, such that if a countdown hold of several hours
was encountered a time-history record of the water level could not be ob-
tained. In addition, the accuracy of the water level measurements resul-
ted in water quantity errors on the order of 5-10% of the total water
pumped to thé test stand during the static firing.

On the S-I1C-12 static firing (Nov. 3, 1969) and on the S-IC-14 static



firing (April 16, 1970) countdown holds in excess of three hours were en-
countered and no useful water level data were obtained. On the S-IC-13
static firing (Feb. 6, 1970) the barge personnel neglected to actuate the
stage recorder. In each test a 16 mm movie camera was employed to record
the water level by photographing a water level rod attached to the stage
recorder housing. On the S-IC-12 and S-IC-14 static firing the extended
hold periods resulted in light conditions which were insufficient for
photographing the water level. On the S-IC-13 static firing, photographic
records were made of the water level. In view of the lack of accuracy
and reliability in the preceeding method of measuring the water level
change in the discharge basin, an improved method was developed for use
on the S-IC-11R (June 25, 1970) and subsequent static firings.

The second method of measuring the water discharge from the S-IC
test stand employed a water level indicator and water velocity rake mounted
in the B-2 discharge flume on the S-IC test stand (Figure 1). The water
level indicator was composed of a slide-wire potiometer mounted to a
balanced float (Figure 2). The slide wire and float were mounted in a
15.24 cm. diameter pipe which was attached to a 1.270 cm. steel plate.
The plate was attached to the flume with four .952 cm. studs and anchor
nuts. The water velocity rake was constructed with.eightv(S) logarith-
mically spaced total pressure tubes and a static pressure port at the
bottom of the discharge flume (Figure 2). The total head tubes were
attached to a staff, which in turn was attached to a 1.270 am. steel
plate. The static port was installed 12.70 cm. from the leading edge
of the plate and the leading edge of the plate was rounded to minimize
turbulences The-installation of the velocity rake and water level in-

dicator is shown in Figure 3.




The total head tubes and the static port were connected to

-

9 2 :
0-6.89 newtons/cm” pressure transducers and the signals were routed

to an R-BOX on the S-IC test stand. The data were recorded on a Beckman
System in the Data Acquisition Facility (DAF) at the NASA-MTF. The
water level signal was recorded in a similar manner. The water flow
data were recorded from TO - 5 minutes at a rate of Z5 samples per
second. The data were time-averaged on 1.0 second intervals and pre-

sented in both graphical and tabular form. From these data it was pos-

sible to estimate the water quantity discharge from the S-IC test stand.

III. RESULTS OF WATER FLOW TESTS
The results of tests to determine the water flow rate supplied to

the test stand during the static firing indicate that the flow rate can

be accurately determined from the pump pressure and R.P.M. data, and
the manufacturer's pump curves. The nominal water flow rate supplied
to the test stand during at S-IC static firing was determined to be
1,099 x 10° 1liters per minute.

The water level indicator failed to function on the S-IC-11R static
firing; however, the water velocity rake provided data adequate for
determining both water discharge velocity and water depth. Plots of

3

he pressure data from the water velocity rake are given in Figure 4.

-

{

The pressure data for the total head tube at the position 40.6 cm.

above the discharge flume (H16.0) indicated that waves were occassionally
covering the tube when the water flow was at 100% of rated flow

(1.099 x 106 liters/min). Previous observation of the water discharge

in the flume during water flow tests prior to the actual static firing



indicated that the waves usually possessed an estimated height of 5-8 cm.
with an occasional maximum estimated height of 10-15 amn. Thus if the
H16.0 total head tube was frequently covered at any time prior to the
static firing, the water level should have been within 5-8 am. of the
40.6 cn. position. Calculation of the water flow depth from the static
pressure data at 100% water flow prior to static firing indicated =
water flow depth (d) of 37.15 am. Calculation of the water flow depth
based on rated quantity flow at 100% flow (1.099 x 106 liters/min), the
average water velocity from the measured velocity profile, and the cross
sectioned area of the flume discharge indicated a flow depth of 37.4Z cm.
The close agreement of the above water flow depth values, indicated that
for all practical purposes the water flow depth can be determined from
the static pressure reading. The water velocity profile in the discharge
flume at 100% flow (1.099 x 10° liters/min) is presented in Figure 5.
Analysis of the tabulated data (Appendix) indicates that the water flow
depth decreased progressively from d = 25.4 an. at T + 10 seconds to

d = 2.54 cm. at T, + 71.5 seconds. The static pressure reading dropped
to a minimum at T, + 76.5 seconds. The static firing was terminated pre-
maturely at T, + 78 seconds and the water depth increased abruptly at
approximately TO + 80 seconds.

VFrom observation of the water flow test prior to the S-IC—ilR static
firing it was noted that it took about a minute for the water flow depth
to decrease to approximately zero if the water flow was abruptly stopped
while at about 80% flow. In the pressure plots‘(Figure 4) it can be ob-

served that the water level was reduced to zero in approximately seventy-five




seconds; and it is anticipated that this was residual water which was
in the flume at the point of ignition. The fact that the water level
dropped to less than 1.27 cm. indicated that very little, if any, water
is added to the discharge flow during the static firing. A water flow

depth of 1.27 an. would be less than 2% of the total 1.099 x 10°

1i-
ters/min. pumped to the test stand. Water flow measurements recorded
with the velocity rake for static firing S-IC-15 on 30 September 1970
essentially duplicated those obtained during firing S-IC-11R. The
water depth again decreased progressively from approximately 37.1 cm.
at T, to less than 1.27 amn. to Ty + 70 seconds. Therefore, it is con-
cluded that for purposes of establishing a mass-energy balance for the

S-IC rocket engine exhaust cloud, it is appropriate to assume that all

of the water pumped‘to the test stand deflector is atomized or vaporized.

IV. DETERMINATION OF MASS-ENERGY BALANCE

Water at approximately 300° K is pumped to the test stand at a rate
of 1.099 x 106 liters per minute (18,280 kilograms/sec). The measure-
ments of water discharge from the test stand indicate that essentially
100% of this water is evaporated and is entrained into the cloud in
vapor form. There was contention by some test stand personnel that
part of the water was atomized and did not enter the exhaust cloud.
Observation of the spray particle size during pre-static-firing water
flow tests indicated that the droplets were of the order of 100 microns
in mean diameter. In an environment of 300° K and 50% humidity, a
100 micron droplet will evaporate before it falls 3.048 meters. Tem-
peratures at 152.4 meters from the test stand have been measured and

found to range about 311° X near the ground to over 400° K at 18-25



meters above the ground. The estimated average temperature of the
exhaust products at the flame bucket is about 1875° K. In this type
of environment it is anticipated that any atomized water would be vap-
orized instantaneously. In addition the affect of the exhaust jet
impingement on the cooling water would be to atomize the water into
smaller droplets than those produced on the pre-static-firing water
flow test. Consequently, it is concluded that 18,280 kg. of water is
vaporized each second and that this mass is entrained into the exhaust
jet.

The rate of production of combustion products for a typical S-IC
static firing is approximately 12,970 kilograms per second. The aver-
age temperature and velocity of the exhaust products at the exit of
the engine at 1875 K and 2287 meters/sec, respectively at atmospheric
pressure (Ref. 1). The exhaust products are approximately 69% carbon
dioxide and 31% water with a weighted specific heat of 0.437 calories
per gram per Kelvin (Réf. 3). The total energy of the exhaust gases

was computed to be:

I

Enthalpy 8.50 x 109 calories/second (Ref. 373° K)

8.15 x 109 calories/second

Kinetic Energy

1.665 x 1010 calories/second
010

Total Energy

The above total energy value of 1.665 x 1 calories per second under

actual test conditions compared favorably with the value of 1.34 x 1010
calories/second quoted for standard atmospheric conditons (Ref. 2).

In order to determine the mass and energy released into the at-

mosphere, it is necessary to consider how these values will be used.




For instance, if one is interested in only the mass and energy flux
at the test stand deflector, these values could be .determined as the
sun of the mass and energy of both the water and exhaust gases. How-
ever, if one is interested in the energy flux into the atmosphere which
is available to produce free and forced convection of the exhaust cloud,
the energy required to vaporize the water and raise it to some final
temperature must be considered. Since the mass of the vaporized water
is approximately 130% of the mass of the exhaust gases, the flux of
available energy into the atmosphere will be an order of magnitude
smaller than the total flux of the rocket engines. Obviously this
difference will significantly affect the rate of growth and maximum
cloud height. Also as the water vapor condenses, the latent heat will
be released and this energy will be available to drive the cloud to
greater altitudes.

Assuming that negligible entrainment of atmospheric air occurs
in the vicinity of the deflector and neglecting compressibility, the
properties of the exhaust jet may be computed downstream of the deflec-
tor bucket at a point where mixing of the exhaust products and the
water vapor 1s complete. Employing the conservation of momentum prin-
ciple and assuming that the initial velocity of the water vapor is
zero, the velocity of the gas-water vapor mixture at the downstream

location can be computed as follows:

MV (at deflector)

My Vg *+ M, Y, = My M)V (1)

MV (after complete mixing)

10



where

M = mass

V = velocity of mass

g = gas

w = water vapor

m = gas-water vapor mixture

Substituting into equation (1):
(12970) (2287) = (12970 + 18280) V
Vm = 950 meters/sec.
The final temperature and available energy content of the mixture
of gas products and water vapor may be estimated by determining the energy
required to vaporize the water, raise the water vapor to the final temper-
ature, and accelerate the mixture to the mixture velocity calcualted above.
The energy required to evaporate the water and to raise the water vapor
and compustion gases mixture to the final temperature is computed as
follows:

To raise the water from initial temperature to boiling point:

H

Q = 18,280 Kg/sec. (1.0)(cal/g OK)(373-300)°K

1.332 x 109 cal/sec.

Q1
To vaporize the water:

Q, = 18,280 Kg/sec. (541. cal/gm)(1000. gn/Kg)

9.86 x 10° cal/sec.

i

Q
To raise the water vapor and combustion gases mixture to final

temperature:

Qs = 31,250 Kg/sec. (.400 cal/g °K)(T_ - 373 K).

11




The specific heat of the water vapor - combustion gas mixture
used in the equation for éS was determined by trial and error. A value
was assumed for T which allowed Cp to be calculated since the composition
of the mixture is known. This procedure was repeated until the assumed
value of Tm satisfied the energy equation.
Conducting an energy balance for the mixture, it can be shown that
the total available energy of the mixture (TE ) is equal to:
Ty = I, + Q,
where:
Q, = Q *+Q *+ Qs (2)
and Kﬁm represents the kinetic energy of the mixture.

Now:

KE. = (31,250) (950)% = 3.38 x 10° cal/sec.
)

(3)
Combining equations (2) and (3);
Q3 = TE, - KE -Q - Q (4)
Substituting into equation (4) the following relationship is
obtained:
1.25 (107)(Tm-373) = 1.665 (1010) - 3.38 (1010 -
10 10
L1332 (107Y) - .986 (10 ) (5)

The final mixture temperature as obtained from equation (5) is;
Ty = 539 KELVIN
Thus the mixture of combustion products and water vapor has a
velocity of 950 meters/sec. and a temperature of 539°K. The properties
of the exhaust gases, cooling water, and the mixture are summarized

in Table T,

12



TABLE I. PROPERTILS OF COMBUSTION PRODUCTS AND
COOLING WATER FOR TYPICAL S-IC STATIC FIRING

Combustion Products Cooling Water Mixture
mass flow rate 12,970 Kg/sec. 18,280 Kg/sec. 31,250 Kg/sec.
mass velocity 2,287 meters/sec. 0 950 meters/sec.
temperature 1875CK 3009K 539°K
specific heat 0.437 calories/g®K 1.0 calories/gCK 0.400 calories/g®K
V. SUMMARY

A mass-energy balance has been determined for the exhaust-cloud generated
during the static firing of the S-IC rocket engine (first stage of the Apollo
V flight system) at the NASA Mississippi Test Facility. Measurements show
that approximately 18,280 Kg/sec. of cooling water are evaporated and en-
trained into the exhaust jet which possesses a mass flux of 12,970 Kg/sec.

10

The total energy of the exhaust products was 1.665 x 107 calories per

sccond; however, after evaporating the cooling water only 0.546 x 1010

calories per second was available as sensible heat and kinetic energy.

13
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.052
.052
.053
058
054
.054
.053
.083
.082
.011
.229
.168
-145%
110
.119
177
.3141

' .168

23

PRELININARY

D€s040
FSlD
1.204

1.236
1.13%

1.089

1.01%
1.041
1.110
1.088
1.106
1.127
1.12%
1.132
1.183
1.153
1.044
1.053
1.172
1.174
1.02%
1.063
1.117
1.153
1.173
1.098
1.028
1.068
1.156
1.089
1.002
1.008
1.033
1.069
1.0%54
1.026

.971
1.002
1.068
1.115
1.088
1.028
1.022
1.021
1.062
1.221
1.085
i.227
1.188
1.210
1.190
1.07¢

.954

D63041
FSID

.098
.096
.097
.09
.097
.096
.096
.097
.096
.096
096
.096
097
.096
.097
.097
.097
.098
097
.098
.097
.097
.097
.097
.097
.097
.097
.0%8
.097
.096
.096
.097
.096
.096
.097
.098
.097
.098
.098
.097
.096
094
.051
.26
.137
.162
115
<144
174
.162
.162

TINE © =18 23 &3
Callb. BTEP

8Caw - €
63042 DESDEY
810 B8ID
.138 1.547
.132 1.3%7
.128 1.104
.12% 1.006
.124 1.020
.14% 1.08%
.228¢ 1.257
.199 1.103
.213 1.243
224 1.2%%
.226 1.137
.234 1.113
.234 1.340
.219 1.208
.208 1.008
.217. 1.13%
.213 1.349
.203 1.282
.191 1.001
.182 1.137
176 1.33%
177 1.409
.238 1.427
.207 1.274
.18% 1.126
.199 1.308
.172 1.471
.170 1.242
.156 1.046
.147 1.057
.140 1.103
.136 1.269
.144 1.189
136 993
.146 218
.138 1.020
.139 1.245
134 1.313
.138 1.100
.128 1.145%
.129 1.147
.172 1.168
.140 1.317
.217 1.349
.032 1.163
.183 1.381
.367 1.366
.292 1.330
.237 i.229
.1%4 .82g
058 607

”

683003
RAY

118,01
116,81
116.01
136.80
116.60
11€.80
116,61
116.80
116.60
116.92
118,02
116,78
$18.90
136,81
11s. 82
148.02
118.01
118.79
118,03
118.84
116.00
116.00
116.00
116.61
116.02
116.79
136,00
116.81
116.60
116,00
116,80
116.80
118.60
116.01
116.79
116.79
118.01
116,81
116,60
118.00
118.79
116,00
916,08
116.81
116.00
116.82
198,80
116.80
116.80
116.78
136,01

i

Pase-
“Bfa Trggl=3



mov Brivlial 111-35) PRECIWINARY

iDL81C-3 TYB-DAR DATE-~DE/s29/70 TABULATION OF AVERAGES TingE O =319 23 33
NG DaTa SURC 84N RATE A/7 SYSTEM NGO 3 8CaN - ¢ CaliB., STEP -mrsa T-3
DBYDIY 083036 085,37 [ 33 EY: 06su39 085040 D83041 D6su42 Dé5043 11 Y1
TIwE .
3T F31D F810 BSID PS10 FSIC PSID F310 F38IC F310C Ra¥W
o 7.36 282 377 400 .430 174 738 .148 .010 437 116.02
- 8,384 248 .33% . 364 404 190 .632 1596 .019 334 11€.80
- L3868 .26 .321 387 390, 231 .550 .193 013 243 114.31
1L.378 .28% 317 . 348 27 L2448 .438 .182 .043 ity 116.861
* 11.374 .238 .313 .362 .387 270 358 .188 .028 . 000 110.40
* 12.377 268 .334 .387 448 L3317 .28 196 000 - D04 116.70
* 13.380 227 .29% .3540 378 L3497 217 2175 - 002 - .028% 116,80
* 14,383 293 .368 .420 .458 .39¢ .230 .223 - .038 013 113.8¢4
® 15,388 162 .282 .316 +355% <365 .158 191 - 412 - .02¢ 118.44
- 16.389 «218 .323 .366 +395 419 .193 212 - 002 034 106.99
® 17.3982 208 .303 .353 +371 .429 .138 .186 - .08 - 007 6€.14
* 18.38% .202 .333 .373 377 .469 088 .224 - .099% 004 111.73
@ 19.399 »183 .19% .338 .338 .512 051 242 ~ 073 - .008 66.76
& 20.402 204 .228 .327 .342 .522 018 212 - <154 - .004 102.48
* 21.40% 223 .283 .365% . 366 565 .041 250 - 173 026 113.90
+ 22.408 L167 .2%0 .676 .357 . 567 .G58 .222 - .196 - .030 116.80
- 23.411 .192 .229 L1085 .308 .579 .27 .243 -~ 057 008 118.79
- 24.414 .389 .242 .291 .281 .85G9 097 .249 - .161 -~ D12 116.81
- 25,417 222 .258 .178 .291 .664 .048 .277 . 008 27 116.81
® 26.420 - 187 .230 1.278 .276 .687 - 002 271 - .186 - 033 116.84
- 27,423 201 .235 - 512 .245 .682 .25 .257 - 027 601 111.61
- 28.428 . 150 .193 216 .223 .685 - 039 .236 - 016 - .083 111.37
* 29,430 AT .20% 093 .413 725 U114 .275 015 - 016 116.80
* 3,433 L1865 .193 -~ L0990 1.125 737 - 021 .268 008 - 025 116.81
+ 31.436 L155 .183 .028 .515 752 - L8006 275 - .105 - 014 116.80
- 32.439 L1867 .127 .151 . 1.018 776 .022 .289 006 002 116.80
* 33.442 . 161 .129 .213 1.207 780 . 005 .285 - .149 - .0us 116.81
- 34,445 .195 .159 .2U5 1.240 .813 003 .36% - .057 - .023 116.82
* 38,448 .149 .141 161 1.615 .816G - 009 .278 -~ 008 - 036 116.80
- 36.45%1 -1%8 .173 .164 1.293 .876 016 .316 -~ 052 ~ <0190 116.81
+ 37.454 .18% . 147 171 1.125 .898 R elvini .321 = .029 - G286 116.861
+ 38.457 L1490 .99 .147 1.507 .898 - L0490 .317 - 096G ~ .055 116.81
+ 39,864 <188 <135 097 1.275 .938 L4861 330 ~ 062 - 0626 116.82
* 40,464 141 .124 .121 1.128 .972 - 045 .34G ~ .039 - L0863 116.81
+ 41.487 L1585 .121 .257 1.315 .988 14 .369 036 - . 004 116.80
» 42.479 L1583 116 .144 1.218 .995 - .011 .358 ~ .52 - 031 116.82
* 43.473 176 .151 .152 1.127 1.933 ~ .057 .387 -~ .018 ~ 068 116 81
+ 44,476 177 L1358 L1758 .793 1.637 - .074 .388 ~ 17 S .64 116.79
- 45,479 L2106 .153 259 647 1.578 ~ 022 413 059 - .046 1:..80
- 46,482 .134 .112 . 145 .650 1.631 - L0111 L339 ~ .04 - 013 116.80
* 47,485 189 L0711 .88 849 1.075 - 427 .389 ~ 014 - .839 116.77
+ 48.488 .188 L5955 .115 .831 1.695 - .541 384 ~ L5066 - -435% 116.76
* 49,492 L2053 L1067 117 .787 1.169 -~ 817 .389 - 003 - 037 116.74
- 50,498 174 .590 . 147 .824 1.597 - G773 3786 - L5098 -~ .58 116.75%
> 51.498 141 597 L1140 .881 1.1655 - .1547 370 - 010 - 053 116.74
* 52.%01 .122 085 .09€ .916 1.4599 -~ L0570 <365 - .0927 -~ 077 116.74
* 53.%54 L1805 .155 L1657 .793 1.131 - .528 .416 .0409 - L1056 116.74
¢ 54.507 2131 162 -112 607 1.121 - 479 .398 -~ 432 - .080 116.78
* 55,510 L1119 .119 .127 457 1.144 - .528 .415 - 004 - .0%0 116.75%
. 56.513 <131 .597 L1061 .297 1.123 - BT Y .387 010 - .G33% 116.74
- $7.%51¢ 596 .593 .124 T34 1.13¢ =~ .054 .411 .46 - .059 116.75

24
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REE-FENEE B
r

(2L
*e

L“E
$EC

5@.%1Q
39.528
8U.4?76
vi.%29
62.532
63.53%
64.538
65.541
66.54¢
67.547
68.5%50
€9.554
70.557
71.560
72.563
73.566
74.569
75.572
76.575%
77.578
78.581
73.585
83.588
81.591
82.594
83.597
84 .600
85.6U3
86.60€
87.609
88.612
89.616
9G.619
91.€22
92.625
93.628
94.631
95.634
96.637
97.640
98.643
99.647
160.654
151.653
152.656
143.659
104.662
1895.665
106.668
107.671
108.674

P

131303

TABULATION OF AVERAGES

8oV BFECIAL
TYF-CAF DATE-06/25/70

37%C 84K RATE A/D 8Y  .EM. NO 3

D6503% 065036 063037 Des03e
FSIB F81D FSID FSID
.083 076 .080 958
.128 .104 ,089 .563
.u8? 617 .085 .435
.087 L0158 .083 .425
.118 .u27 072 .853
.121 .023 .009 1.907
.125 L0405 .096 1.283
.118 .U46 .96 1.131
.105 .013 .034 1.421
089 .034 L0850 1.519
.104 .038 .27 1.024
.681 608 .252 1.0604
.036 .116 .080 .157
.U41 .165 .066 .006
D39 .135 .639 LG07
B3 .122 L0359 .GoT
.042 L111 .025 L07
.633 .099 .619 606
.02s .095 .u21 .006
.030 .098 L010 007
.037 .099 .0us .006
.035 .102 013 .007
L031 .104 .016 .007
.118 L1062 012 507
.311 .128 .265 LGGT
.44G .349 .584 L6657
.442 .333 .583 .667
.434 .317 .567 .007
.427 L3064 .551 LY
.476 .295 .536 .6G7
.492 .274 .520 .6G8
.472 .250 .484 607
.456 .232 .449 .668
.445 L2105 L3906 L0657
.428 .182 .331 .068
.413 .156 .294 .667
.397 .149 .269 .667
.384 .146 .239 .GG8
.408 .159 .232 .GO7
450 .162 .228 .u08
.39¢4 .164 .215 L0067
.378 177 .203 .608
.394 L174 .192 .507
.391 .169 .183 .008
.385 .179 .188 .GO7
.381 .206 .204 L6067
.374 .192 .192 .007
.363 .189 .189 067
.388 .191 .192 .Gu7
.470 L1706 173 067
.451 .155 .154 007

Desu3e
FSID

1.143
1.165%
1.127
i.133
1.152
1.157
1.178
1.184
1.156
1.188
1.268
1.265
1.210
1.156
1.186
1.290G
1.210
1.222
1.226
1.221
1.218
1.214
1.215
1.2065
1.268
1.1983
1.178
1.171
1.161
1.151
1.140
1.126
1.115
1.097
1.678
1.0662
1.644
1.627
1.615
.994
.979
.961
.948
.931
*.915
L9562
.888
.873
.862
.847
.828

25

rRELIMINARY

065040

PSID

.063
021
.033
.074
062
042
051
b1l
041
059
.051
.G54
-119
.09%
072
.063
058
.054
.056
.064
. 069
071
LU74
061
.294
.667
.684
.752
.823
.852
.858
.825
.799
.786
L7549
.726
711
.688
.668
-646
.625
.593
.557
.528
.508
.542
.578
-565
.T495
.887
.829

D6s041
FS10D

.393
445
412
414
.432
.435
.450
.481
.434
477
.495
.497
.484
.426
.450

454

<457
464
.468
.469
4T3
476
L .479
.482
.484
.487
.489
-491
.493
.496
.498
L5650
.552
.5G5
.508
.510
.512
.514
.516
517
.519
.522
.523
.524
.326
.529
.532
.5333
-5333
535
.337

TIME © =53 23 13

8CanN - €
065062 DEs0e3
PSIC FRID
.00¢ 062
011 050
.0us 063
.G32 .093
.009 051
.031 059
000 5%
.010 059
.ouo L0368
.019 .ore
.006 052
.028 ML
.032 L0987
.034 UG8
.044 L0860
.027 061
.024 L0583
.023 .46
.023 04T
.35 052
.042 L0588
.045 .Ds87
.045% 061
045 .O66
.037 LU78
044 .541
.054 L4980
.054 497
.56 502
.063 P52
.68 . 802
LO73 BET
.682 B30
.83 570
.86 .58¢
.681 589
.08s 638
.86 .64
.015 .n2
.06 .658a
.430 .668
.0a9 LGTT
.031 696
.026 L748
L0066 .TE3
.0ae 822
.022 856
.037 .76y
.039 .919
.G37 1.092
.545 942

Call®, grEe
683003

Ral

116.74
116.7¢
196.79
116.7¢
$116.75
116.74
116,79
116.74
136,78
116,74
116.%4
116,78
148.7%
146.73
116.74
116.75
116,75
116.7%
116.78
116.75
116.75
116.76
116.79%
116.76
116.76
116.75%
116.7%
116.74
116,74
116,78
116.78
116.74
116.75
116.7%
116.74
116,75
116.7%
116.75
116,74
116.7%
116.74
116.74
116.7%
$16.75
116.74
1316.74
116.73
116.74
116.78
136.73
116.74

Pagl
L3 77 SR ES B B R




M3U SPECIAL 111-303 FRELIMINARY
~81C-11  TYF-DAF DATE-DE/25270 TABULATIOR OF AVERAGES TiME L =18 23 13 &
ENG s Tk 1GRC SAM RATE A/ YSTEM NO 3 $CaN - C CALIB., STEF -N/ZA T-1t
D&E5335 C€5036 DESG37 DES038 L&533¢ DESG4D DEsS04 DES042 DBSU43 Ge5L03

LS B )

¥+

TIWE

3N FSID FSIC FSID FSID FSlt FSID FSiC FSiC FS1ID RaW
IRV Y L4837 .128 .141 067 .813 .8306 .538 .U49 .847 116.75
115.681 425 .049 .123 LO57 797 . 846 549 033 .854 116.74
111.6a4 418 .68 117 OGS . 783 .891 -541 . 408 .82¢ 116.74
112.6a7 L4417 541 2163 507 767 .962 543 503 .948 116.73
113,690 L4056 G55 .593 007 751 .919 .546 .G58 .838 116.73
114.693 . 392 L0860 .83 L0G7 L7358 . 880 .547 .019 .654 116.73
115,696 284 .032 L0733 .558 772 . 950 .547 028 845 1186.78
116.599 LETR G612 .5s58 .GOE LruT .896 .548 .G35 .583 116.74
117.702 379 522 bG48 L0572 .895 .948 .549 .34 .70y 116.73
118,745 .3g2 .549 L5455 BTN .685 1.6G13 .552 L1333 .882 118.7¢
119.70% .383 L1333 037 .G07 N34 1.043 .558 .433 . 864 116.73
126,712 L 379 LUdd 023 L0658 .663 . 092 .555 -033 809 1186.73
121.71% L3867 L0521 .017 LGU8 L6545 .957 .55% .G38 L 504 116.74
122.718 359 L0337 .24 LOG7 .841 L9567 .557 .G37 .468 116.73
123.721 L350 L1186 017 506 B35 .896 .558 L0404 450 11673,
124.724 342 Maler it} Miliyg .619 .864 .559 .b44 .431 116.74
125,727 341 .19 it L007 811 .878 .559 546 .554 118.72
126,730 348 .G58 .059 Briiyg 854 .884 561 048 L7306 116.72
127,732 TS L1542 . 5G5S Riir .596 .883 .362 547 .7G7 116.73
128.738 2343 067 L662 507 .588 .808 .562 .548 .591 116.7¢
129,740 L3595 .66 L6055 .0G6 .582 .884 -564 .542 .724 116.74
125,743 .354 L1555 L5622 . 506 577 .932 .566 .535 .781 116.74
131,748 L3a7 .06 il L0GE .559 .819 .567 L5386 .569 116.72
1320749 LZap L1351 .55 .365 .50 .80R .5867 .033 .491 116.72
133.7%2 L340 Y3 LG58 L 555 .358 . 883 .568 . 526 .553 116.74
134.755% .349 L0516 L6658 L1365 .553 .959 -569 .522 .15  116.73
135.758@ LIBG L5335 LG1g L1556 .548 1,543 575 514 .582 116.73
136,761 L3869 o L6189 L5553 L5458 1.008 .572 Mt .651 118.73
137,764 V374 .514 .511 L5056 .542 .989 575 . 502 .546 116.73
138,787 374 L0245 .014 LG5S .533 .934 .573 R rialyl 612 116.72
139,771 L3786 L0064 512 L5068 .509 .98n L5732 L0G2 .561 116.72
140,774 .382 .523 .18 LGG6 .57 1.918 .573 L0653 .532 118.72
143,777 L37Y LG5S .G19 it .516 .975% L5732 L5063 527 118.73
142,730 L3374 L0114 519 - 505 511 .949 .575 L0555 L5110 116.74
143,783 .368 L5065 L5245 LGnE S804 .958 .578 LBGE .464 116.73
144 .788% L3682 L5605 .422 LBGS .458 .812 L5768 LB5E .393 11€.72
145.789 .358 L6527 .517 L557 ¥ 754 .578 L5068 .374 116.73
148.792 L3B5 L L5472 .51l .60G5 L491 .739 L5879 RT-) L3712 e T
147.79% L3583 06 LU LG5S .486 .746 L5738 L0068 .452 116.73
198.798 .359 L0653 .0%9 LG5S .45 L8U< .580 514 .&18 116.73
149.802 L3860 .548 L5105 LG5S .481 L8104 .581 .516 .624 116.73
155,805 .358 L5485 L0615 RUTHL L4717 .827 .582 .G18 .574 116.73
1%1.8068 .3%4 L0337 LG58 L5055 472 .799 .582 .018 .429 116.74
182.811 L3359 iy LUL9 it L4638 L7772 .583 .018 .381 116.72
153.814 . 355 L5455 012 -G08 .466€ .832 .585% 019 446 118.72
154.817 L3568 L1635 .13 L0055 L4E3 .928 .584 L5245 .635 116.73
155,820 L3568 .548 .014 L5686 .459 .8az .586 L5200 .577 116.74
156.823 L3852 .41 LH17 L5435 .458 .739 .587 L0246 .471 116.73
157.826 L3459 .U36 .516 LUGsS .452 .712 .585 .G18 .480 116.73
158.829 .3a7 .088 LG22 L06G5 L451 .755 .585 519 .682 11€.72
159.833 L3458 L4805 .4623 .0as .447 .796% -587 019 . 694 116.73

26



$ 4 + ¢ P ¥ 4 + ¢+ 4 & ¢

+

¢ ¢ ¢ 2+ 4 ¢ ¥ 4+ P % + ¥ T P ¢ v T % F b T+ ¢ Y &

LR I

+

TIME
SEC

180
161,
182.
163.
164.
165.
166.
176.
i78.
179.
136G,
181,
182.
183.
184.
185.
186,
187.
i88.
189.
190,
191.
192.
193.
194.
-5,
196.
197.
i98.
199.
2ua.,
201 .
202.
203 .
204 .
205.
206.
207.
z208.
259.
216,
211,
212,
213.
214.
2:5.
216.
217.
218.
219.
229.

R36
839
342
843
848
851
354
158
025
0235
623
G925
u2s
025
G2s
525
5925
02%
ses
525
425
225
uzs
0235
525
025
625
025
525
325
223
525
029
525
823
0235
023
525
G2%
028
025
225
625
52%
g2s
6235
025
625
525
423
523

TYF-DAF DATE-06/25/71

T4 1GKC $2M RATE a/p 8
£65935 C65036  D65437
F3ID FSID FSID
.342 .74 L6248
346 .n82 624
. 337 62 Y24
.337 .62 526
L3358 RT3 .528
.333 .62 .528
.333 .572 529
.333 .661 531
.324 <103 .578
.325 L1068 .585
L322 .126 L1685
.322 L137 .166
.327 .158 L1059
.328 .128 108
.321 .89 .152
.318 .129 L1111
.322 .121 L1186
.328 .14 .121
.332 .124 .121
.332 .101 .119
.334 .151 .122
.333 LT L1168
.333 . 591 .117
.332 L1006 L1214
.332 .634 .118
L3130 L5705 .113
.326 .588 .113
.326 .156 .119
.325 .134 .12%
.323 .139 .127
319 148 .138
.318 .194 .155
319 .195% 161
.318 .216 177
L3189 . 203 L1384
.318 .197 .185%
.318 .221 .192
.314 L1906 .192
314 .147 .186
.312 L179 .191
.312 .193 .194
.312 .161 .19
L3105 .166 .191
.316 .168 . 193
L3105 .185 .265
.308 .258 .281
L3067 .289 .368
L3063 .301 .324
.36G5 .336 .369
L3053 .369 .394
301 .345 .392

M3U SFECIAL

FRELIMINARY

TABULATTO:N CF AVERACGES

111-303
(EM NG 3
650638 D65439
FSID FSiC
-965 444
LGG5 444
L3065 437
L8235 .435
-G0S 433
L5035 429
L0055 427
LG5 425
.04 4G3
. 004 4055
- 006 396
- 004 =397
- 0Gl4 .3935
.8305 .392
095 .386
U053 .384
.04G5 .386
0G4 .384
-G0S .382
- 0GS -379
.003% -381
- 055 .379
- 0G5 376
L0465 .376
.063 372
-G5S 37D
AL 365
. GU6 -365
=074 364
- 004 -361
. 055 385
-0 357
SG43 384
- 555 <356
SU0G3 358
-G53 355
U853 .354
. 055 L339
L0455 349
-U5s 347
L5033 349
LO0U5 343
605 344
L505 344
.504 341
- 005 341
.59s . 349
L0654 .337
004 .337
. 005 337
.505 .333

27

D6s04an 065041
FSiC FSIC
Al .588
.791 .587
.T33 .588
.766 .589
.813 .3587
.821 .587
.811 .538
.357 .589
.759 L5910
L7438 .591
.716 .592
.722 .599
L7405 .594
LT752 .588
L737 .581
.763 .579
.725 .580
769 .5890
.882 .581
.833 .582
.885 .588
.904 .585
.834 .585
.818 .586
.833 .585
.823 580
.693 .576
.619 .573
612 570
.66 .569
.583 L5770
617 .572
.623 .573
.616 ©.574
.816 -575
.624 .375
.617 .576
.616 .577
L6473 .584
.599 .575
L6105 571
.622 L5370
.573 .567
.589 .569
.574 L5709
.57 .571
.57G .572
.561 .572
.577 .572
.586 .574
.579 .573

Thae
SCAN -~

Ces5042 Ce5u43
ESIC F&ID
G519 . 553
L0617 594
L5186 ~431
017 445
.828 L4590
520G 489
.021 538
520 587
.519 LE27
.18 572
517 LHER
.016 .549
019 di
-019 .Ba2
518 L2303
018 L4447
-319 &4
524 348
.5031 1.08%
.1329 . 927
1335 863
.532 3 3:1¥)
530 Y1y
.28 598
.028 610
.27 .GED
.G24 L4595
.023 4213
L0217 405
-5323 L4852
.23 L4213
.21 L5890
L23 B58
-423 LB13
422 LB20
.023 L8651
.923 L683
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